A simple empirical relation has been proposed to estimate the bulk modulus (B) of ternary chalcopyrite structure solids of I-II-VI, II-IV-V type from the electronegativies of the constituent atoms and the principal quantum number of atoms of the compounds. The present relation is based on chemical bonding model. The electronegativity and principal quantum number determine the chemical bonding of constituent atoms of compounds. The chemical bonding of compounds is the starting point of the stability of compound which is based on the minimum energy principle. In this study, the ground state property like bulk modulus has been correlated with the nature of bonding of materials. The combination of electronegativity and principal quantum number gives a good account of bonding of ternary chalcopyrite structure solids. These two parameters provide a reliable guide to the structural stability of chalcopyrite structure solids. The computed values for bulk modulus are found to be good agreement with the known ones, the comparison between our present values and the ones in the literature is also given.
INTRODUCTION
There has been increasing interest in research over three decades of ternary chalcopyrite because of technical importance for linear and nonlinear optical properties. [1] [2] [3] They have wide application in the field of photovoltaic solar cells, light emitting diodes, infrared detectors etc. There are different methods of materials prepared for these chalcopyrite's compounds have been suggested. [4] [5] [6] [7] [8] [9] This structure of chalcopyrite which is obtained from that of zinc blende or sphaerlite by the replacement of cationic sublattice by two different atomic species induces the doubling of the unit cell in a direction, which is conventionally called c and a tetragonal distortion. The parameter /a 2 from its position in the cubic cell, where dA-C and dB-C are the cation -anion distances. These ternary chalcopyrite structure solids reveal a wide range of interesting physical and chemical properties. This is due to structural (η , u) and chemical (d A-C and d B-) change of parameters, comparing to binary analog (II-VI and III-V) compounds. The crystals are held in a given geometrical form by virtue of bonding of their atoms with each other. The nature and strength of bonding affect various physical, electrical, magnetic and optical properties of solids. Most solids possess elasticity, which opposes the applied force and tends to restore the body to its original state once the applied force has been removed. The greater the opposition of a solid to deformation, the higher would be its elasticity. Verma and Sharma [10] [11] [12] have recently calculated the electronic, mechanical, and optical properties of semiconductors and insulators with the help of ionic charge theory of solids. No attempt has been made in this direction to correlate bulk modulus with the electronegativity and principal quantum number of valence electrons in atom forming the compounds. In view of the above, a simple empirical relation has been proposed to evaluate the bulk modulus of ternary chalcopyrite's which are in excellent agreement with the previous estimation. [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] A fairly good agreement has been obtained between them.
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METHODOLOGY
The ground state property like bulk modulus is an important physical quantity to account for mechanical strength of the bonds in compounds. It is a property of the material, which shows its resistance to volume changes when compressed. For cubic crystals, it is a critical single material property to show hardness as suggested by theoretically as well as experimentally. Many theoretical approaches have been reported to determine the bulk modulus of solids. 19, 20 The first principle calculation based on density functional theory (DFT) and the DFT plane wave pseudopotential (PW-PP) technique is used for computational studies of structural and quantum mechanical electronic system. 21 DFT with local density approximation LDA is also used to find out the bulk modulus of metals. Using Murnaghan Equation of state EOS and their P-V relation, using the pressure values, the bulk modulus can be estimated. 21 The P-V relation of the Murnaghan EOS is:
From equation (1) we observe that:
Using definition the bulk modulus of a solid material is as follows: Lam et al 18 using the local-density formalism and the Pseudopotential approach deduced the relation as:
where Z ∆ = 1 and 2 for III -V and II -VI semiconductors. Verma and Bhardwaj 12 extended Cohen's relation (6) and (7) to:
where 1 
Z and 2
Z are the ionic charges of the cation and anion respectively, A and N are constants.
Their numerical values are 0.75 and 550 for rock salt crystal structure compounds and 0.2 and 750 for zinc blende crystal structure compounds respectively. Liu and Cohen 18 suggested the following relation for binary crystals: (9) where c N the bulk coordination number,d is the bond length, λ is an empirical iconicity parameter takes the value 0,1,2 for IV,II-VI and III-V semiconductors respectively, the correction factor of the bond ionicity, according to Meng et al,
where A G and B G are the numbers of the group of elements A and B respectively in the periodic table.
Meng et al 28 has used the formula as:
N is the coordination number and λ is the correction factor of the bond ionicity. For group IV-IV, λ =0, for III-V λ =1 and λ =2 for II-VI. In terms of individual bond properties, Grima Gallardo 22 proposed a modification of Cohen equation (9) and estimated bulk modulus of I-III-V2 chalcopyrite compounds in terms of bond length and the electronic susceptibilities of different I-III and III-V bonds in I-III-V2 chalcopyrite compounds as: (For Elemental, III-V, II-VI and I-III-VI2 group semiconductors). Later on they have proposed a relation between polarizability and bulk modulus of the above compounds and polarizability has been estimated. Recently Author et al 4 have evaluated bulk modulus from Plasmon energy by proposing a linear relation between them and from estimated value of bulk modulus polarizability has been evaluated. The empirical relation between bulk modulus and Plasmon energy proposed by them as:
where α and β are constants and their numerical values are as α =10 GPa/eV and β =85 and 75 Pa for both ternary chalcopyrite's. Recently Al-Douri et al [23] [24] [25] has studied the bulk modulus of IV, III-V and II-VI semiconductors and proposed an empirical relation for the bulk modulus in terms of the transition pressure, charge density, and lattice constants as: (20) where, C S is the cation part of the charge density and λ is the parameter separating the weak ionic elements from the strong ones, λ =0 for group IV, λ =1 for group III-V and λ =1.5 for II-VI semiconductors.
where, a is the lattice constant in A 0 and λ is an empirical parameter which accounts for the effect of ionicity; λ =0, 1, 2 for group IV, III-V and II-VI semiconductors respectively. We studied all the above relations proposed by earlier researchers for the estimation of bulk modulus of ternary chalcopyrite structure solids and motivated to explore new alternative empirical relation to estimate the bulk modulus of the solids. Most of the relations require commercial computer code and high-speed computer with more memory for running the program of these relations for finding the result. In this research work, we had presented an alternative method for the estimation of bulk modulus of ternary chalcopyrite structure solids using a scientific calculator and Excel software. This is quite easy and economical for finding the trends in physical and chemical properties in solid state material science research. The above-studied relations reveal that bulk modulus of any material depends on the volume of its constituent atoms, bond length, charge density, Plasmon energy, transition pressure, the lattice constant, lattice thermal conductivity and microhardness etc. The volume of the ternary chalcopyrites is related to its specific structure. The structure of ternary chalcopyrites is body center tetragonal (bct). The deformation of the body center tetragonal structure is correlated with three lattice parameter a, c and u .These parameters are optimized through minimization of the total energy and accordingly bulk modulus is estimated. The measurement of stiffness of the crystal is related to deformation produced in the crystal. The anisotropic strain of tetragonal structure is reflected by tetragonal deformation (2-c/a).This will also lead to a change in bond length (RAC ≠ RBC) which reveals anion displacement. This whole scenario will change the bond length and bond strength of the compounds. In order to take into account all these and to define the ground state property of ternary chalcopyrites, we have used two parameters, one parameter is the electronegativity value which is the tendency of an atom to attract electrons to itself during the formation of bonds, another parameter is the principal quantum number, the distance of the valence electron from the nucleus. The longer the distance between the valence electrons and nuclei, means the
larger the principal quantum number, would show larger electronic polarizability and hence higher bulk modulus. Therefore, electronegativity and principal quantum number, both are assumed to be correlated with the nature of chemical bonding and predicting elastic property like bulk modulus of ternary chalcopyrite structure solids. For ternary chalcopyrite of I-III-VI2 and II-IV-V2 type, the graph has been plotted between bulk modulus ( B ) and the ratio of average principal quantum number of atoms constituting compounds and electronegativity of atoms given in Fig 1. In the plotted figure 1 .the values of correlation coefficient (R 2 ) are shown. In this case, least square fitting method has been used. From the Fig.-1 it is found that bulk modulus ( B ) and the ratio of average principal quantum number of atoms constituting compounds and electronegativity of atoms are exponentially related, and the R 2 value is 0.86 and 1respectively.Therefore the effectiveness of least square fitting is reliable and the normal mathematical expression between bulk modulus ( B ) and the ratio of average principal quantum number of atoms constituting compounds and electronegativity of atoms is given in equation (22) . For ternary chalcopyrite structure solids, the bulk modulus is assumed to be correlated to the contribution of three atoms A, B and C. Considering electronegativity value of two cations A, B and electronegativity value of two anions C the bulk modulus of ternary chalcopyrite semiconductors can be assumed as Ref. [16] Ref. [33] Ref. [34] Ref.
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